analysis is conducted to study the effect of an linear aerospike engine plume on the X-33 base-heating environment during ascent flight. 
and a universal temperature profile _7 given by
The convective heat transfer from a hot boundary layer to a cooler wall follows the 
The term on the left-hand side represents the gradient of the intensity in the direction of f2.
The two terms on the right-hand side represent the changes in intensity due to absorption and emission.
The wall boundary is assumed gray while emitting and reflecting diffusely, and the radiative wall boundary condition is given by Notice the ramp surface temperature is prescribed with a separate conjugate heat transfer calculation and the effect of surface radiation is included in all the calculations. This is another improvement over the conventional plume radiation calculation in which the surface radiation is not included.
The total plume induced base-heating is the combination of both modes: convection and radiation. In these figures, the plug-base is subjected to the most heating and the base-bleed helps to relieve some of that heating. In general, the total heating impressed upon the plug-base decreases with altitude, whereas the total heating imposed on the other bases increases with altitude, due to the strengthening of the lateral wall jet. 
